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Layered compression format for optical discs to allow multiple stream 
read-out 



General 

The invention relates to storage media of with limited read-out bandwidth. Specifically it 
relates to optical storage media of which the minimally guaranteed read-out bandwidth of 
play-back e^pm^ specified in the standard is limited. More specifically, it relates to 
Blue-ray D«c (gD -ROM of which the maximum play-back data-rate (Ix) wfil possibly 
be fixed at 35 Mbitfc, to sustain playback of HDTV movie material at a bitrate of 24 
Mbit/8. *** 



Problem/invention 

In various use models, there is a need to read simultaneously multiple streams fiom the 
medium, for instance for: 

- Kcture in picture: application in which a second stream is shown in a small window 
This can be for instance the same scene shot fiom a different angle, or a video of the 
director, giving his comments 

- Split screen application: 2 or 4 streams are shown simultaneously on the screen, e e 
one stream is 'the making of, or multiple angles show from the same scene 

- Overiays.-an mteractive application is overlaid on the primary movie stream, in which 
the interactive application uses a second stream fiom the disc 

™2S2S^f*n? da0 * !S WM< ? h * ° f m&X ***** <P*afi*> can have a bitrate of 
up to 24 Mbit/s. The supported maximum read-out datarate of the system as defined in 
the spec had not been fixed yet, but is expected to be chosen at 35 Mbit/s (Ix) The 
reasons for such a relatively low number are cost (cheaper components) and power 
considerations for the portable models. Obviously, at this niaximum datarate, 
simultaneous readout of more than 1 stream cannot be supported. 
The margin of 35 Mbit/s over 24 Mbit/s will even be only sufficient to support limited 
mteractive applications. More sophisticated interactive applications, when they ask for 
frequent access to the disc, may already require more headroom than is offered by this 

In figure 2 an embodiment of the disc according to the invention is depicted, 

Solution 

The invention is to choose a layered compression format for the video signal on the disc 

An embodiment of me layered compression format is shown in figure 1. 
Fig. 1 filusttates a layered encoding system that separates a high-resolution source image 
info a base layer and an enhancement layer, and stores the base layer and the 
enhancement layer in separate tracks on a storage medium, such as a DVD. A layered 
encoding system may also be referred to as an image encoding system. A high-resolution 
source image 100 is captured using a video camera or other device capable of capturing 
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an image- A series of successive source images are captured to generate a video program 
(e.g„ a television program or a movie). 

The high-resolution source image 100 i$ communicated to an enhancement layer 
generator 102 and abase layer generator 104. The enhancement layer generator 102 
generates an enhancement layer portion of the source image 100 and communicates the 
enhancement layer to a compressor 106. The enhancement layer generator 102 generates 
the enhancement layer by comparing the base layer data 

(received from the base layer generator 104) to the high-resolution source image data. For 
example* the enhancement layer generator 102 subtracts the base layer data from the 
high-resolution source image data, thereby leaving only the higfr-resolution portions of 
the image (i.e., the enhancement layer). 

The base layer generator 104 generates abase layer portion of the source image 100 and 
communicates the base layer to a compressor 10S. The compressor 106 generates a 
compressed version of the enhancement layer data and the compressor 108 generates a 
compressed version of the base layer data, In a particular embodiment of the invention, 
compressor 108 compresses the base layer data using the MPEG-2 (moving picture 
experts group) compression algorithm. Similarly, compressor 106 may compress the 
enhancement layer using the MPEG-2 compression algorithm. However, compressor 106 
is not required to use the same compression algorithm as compressor 108. For example, 
compressor 106 may use a compression algorithm that utilizes three-dimensional 
wavelets to compress the enhancement layer information. 

The compressed base layer is stored on a first data storage track 1 12 of storage medium 
1 10. A data storage track is a collection of multiple sectors on a storage medium that can 
be read in sequence in real time. For example, a data storage track on a DVD may be a 
continuous series of data elements stored in a generally circular pattern that are read as 
the DVD rotates. Alternatively, a data storage track on a DVD may store two interleaved 
streams of data, such as enhancement layer data interleaved with base layer data, in 
multiple sectors scattered over the DVD. 

Hie compressed enhancement layer is stored on a second data storage track 1 14 of 
storage medium 1 10> In this example, storage medium 1 10 is a DVD. The first and 
second data storage tracks 112 and 1 14 may be located on the same physical layer of the 
DVD or may be located on different physical layers of the DVD (a DVD can have two 
sides with two physical layers on each side). 

Compressors 106 and 108 compress the enhancement layer and base layer data to reduce 
the storage space required to store the data. If the enhancement layer and/or the base layer 
do not require compression (ie., the storage medium 110 has sufficient storage space 
without compressing the data), then compressor 106 and/or 108 can be eliminated from 
the system shown in PIG. 1. 

As mentioned above, the DVD format supports multiple camera angles (or video angles). 
A viewer of the program stored on a DVD may select the default camera angle or one of 
several alternate camera angles. Although DVD technology supports multiple camera 
angles, programs are not necessarily recorded using multiple camera angles. Due to the 
added cost of recoiding a video program using multiple camera angles, many programs 
do not utilize the DVD tracks provided for the alternate camera angles. 
The first track 1 12 of the DVD is the track assigned to the default camera angle. The base 
layer data is stored on this default camera angle track since the base layer information is 
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read by both standard definition and high-resolution systems. To maintain backward 
compatibility with existing DVD players, the base layer data is stored using the format 
defined in the DVD video specification. The enhancement layer date is stored on the 
second track 1 14, which is assigned to an alternate camera angle* In this situation, the 
alternate camera angle track does not actually store data associated with an alternate 
camera angle, but instead stores data associated with the high-resolution portion of the 
source image. The enhancement layer contains special data sequences that allow a 
compatible high-definition DVD player to recognize that the camera angle track contains 
enhancement data Although PIG, 1 illustrates tracks 1 12 and 1 14 as two separate tracks, 
in one embodiment the two tracks are interleaved, or time division multiplexed, so thai 
the two tracks can be read simultaneously, One or both of the interleaved tracks are read 
by de-multiplexing the interleaved data packets. 



There are various options: 

1- Base layer standard definition MPEG2 (DVD quality) (max 10 Mbit/s, av 4.5 
Mbit/s), enhancement laver : higji definition MPEG 2 (base + enh max 24 Mbit/s) 

2. Base layer : as above, enhancement layer : more advanced decoder (e.g. H264) 
bringing max bitrate to lower value or allowing even higher quality video (esp. for 
60Hz interlaced sports as in published compilations of Olympics etc.) 

3a Base layer and 1 st enhancement layer as in 1, 2 nd enhancement layer to provide any 
signal needed (esp for 60 Hz interlaced sports) above 24 Mbit/s to ensure top quality 
higk definition video. 

4. Base laver: GIF quality MPEG2 video (max bitrate 4 Mbft/s, av 1 - 2 Mhit/s), If 
and 2 nd enhancement layers like layers in 1 

5. More intermediate layers can be added if needed 

6. All layers including base layers can be based on novel coding techniques like H264 
rather than on MPEG2 

Embodiments 

During normal video play back of a single stream, the highest quality is viewed. When an 
application is started during normal play the following can happen: 

1, if the application like a PIP requires access to another stream, this other stream 
should be read at lower quality, by only reading the base layer thereof. 



2, In split screen situation, the hit-rate, and thus quality, of both (or more) streams is 
reduced equally. 



3. In case a disc-access intensive application is being iutu the bit-rate of the (one or 
more) video stream(s) can be adjusted dynamically, dependent on the instantaneous 
use of disc resources by the application 
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In case the drive supports higher bit-rates (e.g. because it is a 2x version) the bitrate 
of the various streams need only be reduced such that the total need of the application 
fits in this higher bandwidth. 



5. In case video is played back to a screen with resolution equal or lower than supported 
by the base layer in the case of two layers, or t in the case of more than two layers, by 
one of the layers other than the highest resolution enhancement layer, playback only 
the layers delivering that resolution, thus requiring less resources audi as power, 
spindle speed (noise fector) or other, from the system. 

6. Rather than let the screen resolution determine which layer or layers to play back, the 
amount of resources, such as available battery power lei% can determine at what 
resolution to play bade 



Jft should be made sure that the data relating to the various layers of the layered stream are 
organized such that skipping part of the stream to gain bandwidth in the end does not 
result in a loss of ban4width because of the overhead caused by the jumps. Examples of 
measures to avoid this are: 

1 . Organize data belonging to one layer in contiguous blocks, as depicted in the fig 1 0 
and fig 11 (schematic picture of datablocks on a disc) 
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The larger the blocks, the less the penalty, but at the expense of other performance as 
reaction speed of the system and memory buffer requirements. An optimum has to be 
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2. Make sure that a contiguous block covers an integer amounts of disc rotations «Ius a 
small slip distance, such mat jumping over a block of the play-back head can be done 
without requiring an idle full rotation of the disc. See fig 12 




VfJLI 



111- -r-ox TO Cf«KWCD 



J / W 029 26.09.2002 



CO 



■ 9' 



BO 26.09.2002 15:34:0 



CLAIMS 



1 . Method of encoding data for writing on a disc comprising 
encoding a first layer of data representing basic data and 

•writing a second layer of data presenting enhancement data according to the 
basic data. 

2. Any novel feature or novel combination of features as described herein. 
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